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ABSTRACT 

PROBLEM TO BE SOLVED: To make the zoom optical system small-sized on the 
whole by zooming the optical system by adequately shifting the relative 
positions of at least two optical elements among plural optical elements 
which are respectively specific. 

SOLUTION: A 1st optical element Bl has a 2nd surface (refractive incidence 
surface) R2 and a 3rd surfaces R3 - a 7th surface R7 as internal reflecting 
surfaces and an 8th surface (refractive projection surface) R8 formed on 
one block. A 2nd optical element B2, on the other hand, consists of plural 
lenses composed of a 9th refractive surface R9 - an 18th refractive surface 
R18 which are coaxial. Further, a 3rd optical element B3 consists of plural 
lenses composed of a 19th refractive surface R19 - a 28th refractive 
surface R28 which are coaxial. Namely, this is a so-called three-group zoom 
lens; and a stop Rl and the 1st optical element constitute a 1st group, the 
2nd optical element B2 constitute a 2nd group, and the 3rd optical element 
B3 constitutes a 3rd group. Here, the 2nd group and 3rd group form a power 
varying group which vary the power by shifting in relative position. 
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2.96 15.75 


20.46 








D 1 


- 9S 


Zi(M) = 


Zi(W) 




Zi(T) = Zi (W) 




D10 


~19S 


Zi(M) = 


Zi(W) - 


- 10.30 


Zi(T) = Zi(W) - 


8.32 


D20 


-28® 


Zi(M) - 


zi(w) - 


- 12.79 


Zi(T) = Zi(W) - 


17.50 


D29 


■ 


Zi(M) = 


Zi(W) 




Zi(T) = Zi (W) 





R 2 ffi R 2 = -9.470 
R 9 ffi R 9 = 12.397 
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Rio m 




-18.096 


rii m 


R n = 


-12.488 


R12 ffi 


K 12 = 


-22.656 


R13 m 


Rl3 = 


-11.326 


R14 ffi 


R 14 = 


39.448 


R15 E 




-16.896 


Ri6 a 


^] 6" 


7.231 


R17 a 


R 17 = 


-53.267 


R18 m 


Rl8 = 


-29.796 


R19 ® 


Ri s = 


6.222 


R20 m 




-103.294 


R21 H 


R21 = 


-13.173 


R22 ffi 


&22 = 


21.609 


R23 m 


R2 3 = 


-56.334 


R24 ffi 


R24 = 


19.368 


R25 m 


R 25 = 


-9.154 


R26 ffl 


R2 6 = 


-35.784 


R27 ffi 


R 27~ 


7.883 


R28 m 


R28 = 


7.084 



R 3 ffi a =-1.29771e+01 b =-1.91952e+01 t = 2.50000e+01 

C 03 = 2.25585e-05 C 21 =-2.14047e-04 

C 0 4 = 2.44891e-08 C 22 =-2.05123e-05 C 40 = 1.18194e-05 

R4ffi a =-1.29087e+01 b =-8. 14895e+00 t =-4.67120e+01 

C 0 3 = 5.33084e-04 C 21 = 1.13391e-03 

C 04 =-2.45084e-06 C 22 =-2.01069e-04 C 40 = 1.53466e-03 

R 5 m a =-1.83631e+01 b =-2.14773e+01 t = 2.83707e+01 

C 03 = 3.66045e-05 C 21 = 2.04110e-04 

C 04 =-4.32368e-07 C 22 =-8.35352e-06 C 40 = 1.98574e-05 

R 6 M a =-1.86729e+00 b = 1.86042e+00 t =-2.67346e+01 

C 0 3 = 1.77221e-04 C 21 = 7.97292e-04 

C 04 =-1.31000e-05 C 22 =-4.24244e-05 C 40 = 4.17627e-05 

R7ffi a = 6.95459e+00 b =-9.77460e+00 t = 4.22976e+01 

C 0 3 = 1.48091e-04 C 21 = 1.42273e-03 

C 04 = 2.36193e-05 C 22 = 4.19020e-05 C 40 = 1.80643e-04 



C 04 = 3.20699e-06 C 22 =~3. 07287e-05 C 40 = 



R8B a = 2.61262e+01 b = 1.59224e+01 t =-22. 2220e+01 
C 03 = 4.14325e-05 C 21 = 4.47240e-04 

1.58223e-05 

9BR19 xm^tLhmm^yxTm^iLx^h. 

KMm3%&m?Tfo 0. ft«^Stff®»2 OSR20 - 
h« ^LT!fS2 9ffiR29 tttfcffiTC* 0 * CCD m<nm^0k 



mm i jsffftft o . i o(7)/n 7 ?±izm 2 br2 

8ffiR8h®9®R9 (JBWItttSffi) *»«LT^6. B2te 
*2*^*TOb9. ftW^fflWMISl OSR10 ~SB1 



(15) 



:|#1PP9-2 2 2 56 1 



»2S. »3#*i**?B3#*3S£«MtU £03^ 
ft 2 » t ft 3 S¥**ffl*f W&S * S£<fc $ * T SEftfM! £ ft 

[0102] VXf . ftMiS£*SPS3ik Lfcfc 

R2-CJB*f, ft3®R3, ft4ffiR4. ft5IiR5. ft6®R 
6, ft7BSR7. m8®R8T'Rat, ft9®R9TJS«U ft 
13te¥*PBlSraJSrt"*. <Ttf>k£, A8t*JKteft4a 

[0103] &(C^tift 2 #f^B2(;:Aft-*-S . ft 
23^ft^B2rt"C{4»l OB5R10 ~ftl 9ER19 T«*f 
U ft23te^PB2«rffiifr4. i<OB*3fcft<?5±*K« 
»1 9HR19 <0«*TIS«Ltli*®fiELT^S. 

[0 1 04] «fc»2*«im*tfWW3lSWi»3 
^*^B3(cAlt-tl». ft33fc¥^B3|*rCttft2 0m 
R20 ~ft2 8fflR28 TJStf LTftS^ft^fcfflft 
U *ft*S«HT*$ft2 9IHR29 ±.£8MiWS. 

[ 0 1 0 5 ] 5EtelM^^IBKO**^6ft^<0»»t: 
OV^TBHW* . £fft£IK LTft 1 ^ft^BHlBJgY 

mz&mt&. x. m3%&mTmzz -mrxnmz 

ftlW*. «iB-C**»2 911iR29 »«5ftfcRLT»l!l 

[0 1 0 6] *LT, JdSftJ»*»6ffi3Wlt:iflIoT<03£» 
fcj: Oft 1 36¥*^ Bl k ft 2 ^f!S^B2 k Ol3!HKi&& 

Jtf&sa* »a ft 2 %&m=FV2 km 3 K^m^ B3 k op B i 

RWi#S*9, ft3#S*FB3k«fflR29 fc WRUi&tf* 
4. 4fc, J^«*»^ai»S y W)3WSfc:|RL-CftlfflRl 
*»£«ffiR29 IST^ifi«JI»Sli-S?Jii. *ftit 
JfflBfctSVvcttft l7t¥*^Blc7)A*f • ffltt&Mlfctft 

* B2 k ft 3 3t**^ B3coaJpW(i>I tL 6 c03t^*^<7)* 
«T*> 0 , S^fc^jiT* 0 , *«<OAft • ttttSfttt 

zKT^Wl 26.0 18.0 

mu^mn 20.0 13.6 

^Dfi 2.0 2.5 



[ 0 1 0 7 ] 011. 12, 13{i*ft*fiJg«<7)ftlR^0-C'* 
-5. 

[ 0 1 0 8 ] X, *ftM98IB£&tvC, 
W * 7 * - # S' V ^ttlS 9 Rl k ft 1 afe^SlHFBl k £ 

[0109] #mimmix-j>%&&co®i#mi l zm 

(fe-TI. i k i -5 T ft 1 Bl<0*ffi<Oft3»SS:» 
'M/tX ifrfatC^vhSW^ft^kLTV^. 
[ 0 1 1 0 ] X, ft 1 ate^FBKCSttfcftROrtHR 
»BHCWW*01W] *H-Z- h k 2kiz , in^ *flHl«« 
f 6 i k C J: 0 X-A3t^ft<0+<03fcftJ:»t £>*it> i k 

■5. 

£^X-A^i&k5:&. 

[ 0 1 1 2 ] x, wztmm(vx-&y&m±mL(r>%. 
mmz-wmzB&Ltzft^^tmmtfwmm- 

cox-. x-i±ft^3k*m'm&Ltemsmcn>Kx*mm 

*J|Mttf>»£ttqtt.T*J9. Xftlt^BSlftffiiOBe^ 

[ 0 1 1 3 ] letc. *»*»6«*WcBfflJfiBJ: OftESdte^ 
[0114] lil±^Hife^«{4. fflS«WlO<0 
»LSE»tff^TV»**», SWSe^llSL, «R^)Eft 

SE«*ff 5 laic, -e<oM^^-r. 

[».I4 ] Hl4tt3jEfBW<OX-A*S6ftwfttt»JB 

f&T—rzvxnziz-?. 

[0115] 

9.2 
6.9 
3.6 
6mm 

ICfeVvC 13.6x 95.6x 36.9 



i Yi Zi (W) <9i Di Ndi t/di 
ft 1 t£?W^B1 

1 0.00 0.00 0.00 1.00 1.49700 81.61 gflfffi 

2 0.00 1.00 0.00 3.00 1 MfrE 
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3 


0.00 


4.00 


0.00 




1 




m 


»2ft¥3IH t B2 












4 


0.00 


6.00 


0.00 


13.00 


1.58312 


59,37 


Sf/rS 


5 


0.00 


19.00 


34.00 


9.00 


1.58312 


59.37 


mm 


6 


-8.34 


15.63 


19.00 


9.00 


1.58312 


59.37 




7 


-12.84 


23.42 


0.00 


9.00 


1.58312 


59.37 


mm 


8 


-17.34 


15.63 


-15.00 


9.00 


1.58312 


59.37 


mm 


9 


-25.14 


20. 13 


-30.00 


12.00 


1.58312 


59.37 


mm 


10 


-25.14 


8.13 


0.00 


0.00 


1 






m 














10 


-25.14 


8.13 


0.00 


2.00 


1.67032 


32.07 


StJnH 


11 


-25.14 


6.13 


0.00 


&m 


1 


















12 


-25.14 


-2.03 


0.00 


7.00 


1.58313 


59.37 




13 


-25.14 


-9.03 


-32.00 


12.00 


1.58313 


59.37 


mm 


14 


-35.92 


-3.77 


-14.00 


12.00 


1.58313 


59.37 


mm 


15 


-42.98 


-13.48 


0.00 


12.00 


1.58313 


59.37 


mm 


16 


-50.03 


-3.77 


14.00 


12.00 


1.58313 


59.37 


mm 


17 


-60.82 


-9.03 


32.00 


7.00 


1.58313 


59.37 


mm 


18 


-60.82 


-1.03 


0.00 


ma 


1 






tt 














19 


-60.82 


5.03 


0.00 


8.00 


1.58313 


59.37 




20 


-60.82 


13.03 


30.00 


10.00 


1.58313 


59.37 


mm 


21 


-69.48 


8.03 


15.00 


10.00 


1.58313 


59.37 


mm 


22 


-74.48 


16.69 


0.00 


10.00 


1.58313 


59.37 


mm 


23 


-79.48 


8.03 


-15.00 


10.00 


1.58313 


59.37 


mm 


24 


-88.14 


13.03 


-30.00 


8.00 


1.58313 


59.37 


mm 


25 


-88.14 


5.03 


0.00 


ma. 


1 






26 


-88.14 


-6.32 


0.00 


1.80 


1 




mm 











D 3 


2.00 


2.00 


2.00 


Dll 


8.16 


5.68 


3.02 


D18 


6.06 


6.32 


12.24 


D25 


11.35 


14.09 


22.67 



D 1 -11® Zi(M) = Zi(W) Zi(T) = Zi (W) 

D12 —18® Zi(M) = Zi(W) + 2.48 Zi (T) = Zi(W) + 5.14 

D19 -25ffi Zi (M) = Zi(W) + 2.74 Zi (T) = Zi («) + 11.32 

D26 ffl Zi (M) = Zi (W) Zi (T) = Zi (W) 

mmm 

R 1 ffl Ri = oo 
R 2 M R 2 = 10.000 

r 4 m R 4 = 10.000 

RIO m Rio= -3.796 

Rll m R u = 113.237 

R12 m Ri2= %-928 

R18 m Ris= 10.281 
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R19 ffi Ri9= -68.222 
R25 ffi R 25 = 00 



R 5 ffi a = oo b = oo t = 0. 

C 02 =-2.77957e-02 C 20 =-3.61721e-02 

C 03 = 2.17709e-04 C 21 = 8.17518e-04 

C 04 = 4.81535e-05 C 22 =-2.24283e-04 C 40 =-5.50769e-05 



R 6 ffl a = oo b = oo t=0. 

C 0 2 =-2. 07844e-03 C 2 0 =-3. 13275e-02 

C 03 =-l. 20110e-03 C 2 l =-7. 31324e-03 

C 04 =-1.45746e-O4 C 22 =-9. 98634e-04 C 40 =-2.62001e-04 

R 7 ffl a = oo b = oo t = 0. 

C 02 =-2.65330e-02 C 20 =-4. 37591e-02 

C 0 3 = 2.37808e-06 C 21 =-9.02645e-06 

C 04 =-1.21344e-05 C 22 =-8.82376e-05 C 40 =-9.77118e-05 

R 8 ffl a = oo b = oo t = 0. 

C 02 =-5.49968e-03 C 20 =-5. 00091e-02 

C 0 3 = 1 . 23568e-03 C 21 = 6. 67246e-03 

C 04 =-5.38006e-05 C 22 =-3. 35556e-04 C 40 =-3.23857e-04 

R 9 ® a = oo b = co t = 0. 

C 0 2 =-1 . 86844e-02 C 2 0 =-3 . 77602e-02 

C 03 = 4.19348e-04 C 21 = 6.72125e-04 

C 04 =-6.12O34e-O5 C 22 = 3.47535e-05 C 40 =-5.O9619e-O5 

R13 W a = oo b = co t = 0. 

C 02 = 2.26678e-02 C 20 = 2.41426e-02 

C 03 =-2.57750e-04 C 2 } = 1 . 16383e-03 

C 04 =-2.40426e-05 C 22 =-7.46204e-05 C 40 = 2.82412e-05 



R14I a = oo 

C C2 =-4.00972e-03 
C 03 =-4.46529e-04 
C 04 =-2.56127e-O5 

R15I a = oo 

C 0 2 = 1.41059e-02 
C 03 =-8.17957e-O5 
C 04 =-l.O6545e-O5 



b = oo 

C 20 = 7.14507e-03 
C 21 =-2.31087e-03 
C 22 =-1.36947e-04 

b = oo 
C 20 = 2.96468e-02 
C 21 = 9.43283e-04 
C 22 =-2.82343e-05 



t = 0. 

C 40 =-1.25987e-04 
t = 0. 

C 40 = 4.45663e-05 



R16I a = oo 

C 02 =-8.51O71e-O5 
C 0 3 = 1.68862e-04 
C 04 = 1.08096e-06 



b = oo 

C 20 = 2.53915e-02 
C 2i = 3.65939e-03 
C 22 = 1.80358e-04 



t = 0. 



C 40 = 9.97536e-05 



R17 ffl a = oo 



t = 0. 
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C 0 2 = 1.32874e-02 C 20 = 2.94218e-02 

C 03 =-6.81885e-O5 C n = 9.64816e-04 

C 04 = 1.70534e-O5 C 22 = 4.93143e-05 C 40 =-1.51564e-06 

R20 ffl a = oo b = oo t = 0. 

C 02 =-1.66195e-02 C 20 =-1.97204e-02 

C 03 =-2.82112e-04 C 21 = 8.70403e-05 

C 04 =-3.71423e-O6 C 22 =-7.20107e-05 C 40 =-6.7O241e-O6 

R21 ffl a = oo b = oo t = 0. 

C 02 =-2.13470e-02 C 20 =-2.68230e-02 

C 03 =-7.85470e-04 C 2i = 4.61286e-03 

C 04 =-1.61086e-04 C 22 =-l.%712e-05 C 40 =-6.34362e-05 

R22 I a = co b = oo t = 0. 

C 02 =-2.3O872e-O2 C 20 =-2.69354e-02 

C 0 3 =-3. 03473e-06 C 2 , = 1 . 13297e-03 

C 04 =-3.08514e-05 C 22 = 5.26162e-05 C 40 = 3.43593e-05 

R23 B a = oo b = oo t = 0. 

C 02 =-2.42460e-02 C 20 =-4. 51798e-02 

C 03 = 3.73285e-04 C 21 = 4.33871e-03 

C 04 =-1.89172e-04 C 22 = 1.70543e-04 C 40 = 3.82206e-06 



R24 ffl a = oo b = 

C 02 =-1.92202e-02 C 20 =-2 

C 0 3 = 1.04217e-04 C 2I = 3 

C 04 =-1.55696e-O5 C 22 =-2 

@i4tfc^r. busks uie^sif^T**), mimi&xf 
m 2 wvzvmsL-r tmtfi^y xx-b h.ms mmm o 
mx-h t . mtm 2 jiswrt* 9 , 1 mfu . y ?± 

5ffiR5~SfS9fflR92:Sill OfflRlO (SSfltaJH) 

uo**. mtm3ft&m?x'h r ) . mio' brio's 

VSS1 IfflRll TlSJfcT&aMl'VX-C&S. m 
2#¥*^fc#3#^J|PPi:«JBl OfflRlO tmi 0' 
BRIO' fcTSte I/O**. 

[0116] B4(Sm4^^ J F-t'J> 0 „ 1 OC07'o -y ? 
±fc* 1 2 BR12 ( JBffr AStB ) fc ffiBcofiBRSlfflT" 
£>&g?l 3BR13 — SSI 7BR17 bt&l 8BR18 (Jffl«f 

oco:/U y:?±Cm 9BR19 (atfrAttffl) fcttBW 
rtBRWffl-C**) & m 2 0 BR20 2 4 BR24 t If! 2 5 
BR25 (JBSrWStiiB) -5-LTIS2 6B 

R26 i±«arc* o . ccd *«jw^^j«Rffi*«fflarr 
*. 

[0117] *3ttS»miSJffi*=#X-AU vXtr* 
•3 . as 1 ft^^Bl , IS? 0 R3 , IB 2 jK^fVZBO/IH 3 

J&53fc¥**B5JilS3»£aiJ«U JB2»t»3» 



oo t = 0. 

60605e-02 

77042e-04 

50258e-05 C 40 =-2.42690e-05 

[oils] jar, ftfMffif £*ei»Sfc Lfc k *<o«s« 

Wcili® t^^tSSI 2 3t*^B2t ASft 6 . SS 2* 
^*^B2fl-CtSf54BR4T"a#T, »5ffiR5. S56BR6. 
KS7fflR7, m8®R8, SS9ER9TKStLrt:»»l OffiRl 
0 -CIBttfUT*3^*^teAStL. f?l IfflRll 

4 Tt^fR^ B4 1 dOHT- 2 JJCtSfll-f * . 

[0119] mzfmii^x&mTwzAm-z. m 

4%frm?W&mi 2HR12 TJS*f, mi 3ffiR13 
. Bl 4BR14 . mi 5fflR15 , HI 6BR16 . mi 
7ffiR17 TRW, mi 8HR18 f®#ft. !B43te^*^- 
B4£iiSlff *. ZCDtZ. JCTUiSS 1 4ffiR14 tSSl 5 
fflR15 OHJT+IWifll-*-*. Sfcfc3BI8i3Bl 6B3R16 

[0120] mzmLiimsx&m^sfcxm-z. m 

5%&9ffl5ftTiimi 9fflR19 T'SSk K3 2OBR20 
s §12 lfflR21 , H2 2BR22 , H2 3fflR23 , §12 
4ffiR24 T'Slt. »2 5BR25 *CSff L , SSjte^H 1 
B5Sra}flW4. <Itf>i:£. 3C3B«S52 1SR21 iffflKC* 
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[01223 mz, 3zi%mmzif?&ft¥m?cD®miz 
i^xmrnz. ^mzmtrmmx-hmiye^m 
tbi . is 2 3t^*^B2 , m 3 ft&mwtmfeX'h o , 

Z T7X^(Sj^»rr«». ^5^^B5Ji^«*^ 

w&mzftiTz ryx^mzwm-th, mmxh^w, 

2 7KR27 «i^fg^LTffUU^V^ 

[0123] izftm^wgrnzft-oxco^mzmtx 

m 3 3t^*T B3t 1(54 3K^^B4 £ cofgPKiS^ 9 , 3? 
4 *^»TB4 1 m 5 3t^*T B5 t COMMl i&tf 0 . ^5 
*^TB5 1 fiffiR26 h cOlH(i£#£ . 
[0 124] ^MSSffifcl^TO^fgK 
R UT m 1 ffiRl** £tlffiR26 iaT<^*<03t»*<i* < 

[oi 25] ^mmm^za^x\m2 , m^.m^co 

^*^B2.B4,B5c0AW ■ ffiWBPIW4WCU*»fcie 

2ri6Hci*jv"i-tv>6. 

[0126] 1115, 16, 17f4*5SSBB«<»5«lRISBlr* 

[ o i 2 7 ] *»fe«®^^T. m&svimbi 
cstr h~?*—ij >> y mm 1 7t¥*TBi £z turn t 

[0128] 2^|iBBJB«X-A3^*<0««I<?MejfiL^ 

mmicmmizmRi^mt. #2. msx^m 

?B2M,Z5V*X'®#m$:mm-?&Z.bl,z£-iXZ\ilt> 

?>%&m :: f-<7)&wcoim&&m>b ltx ^ksv vm* 

[0 1 2 9] X. 3*2. JB4, SS53tS£*?B2.B4.B5fc: 

K, £ft&£«4>ffiH^&£fc£.];9X-A3fc^D4' 
<03^£tt6ft*£fcfc<ma<0^fcffll»LTZ *l»] 

[0 1 3 01IC, jR2s »4. »5#sj**?B2.B4,B5 
[ 0 1 3 1 ] X. **M0BJBOX-A#¥*I±**)IB1 



[ o i 3 2 ] x, *&mz&^x . mfieosisfi^® 1 ~ 

AltlW £ t X V >fc¥iS (YZ^E) 

mm^z-mm^mm-t^t^m^. 
[oi33] mmixummmzx wtWfcAtfs-tt 

nmmm 1 com 2 ®R2 1 $ 3 ®R3 1 corat yztbcs* 

[0134] RHfciJVvC, Bl«a»«rtc»3»L*^» 

4. C!WSIl7t^-?Bl«-ec0KStB«0^S:^ 
HfcLT^UTV^. B2 N B3(i^^m2, ||3^ST 



m=?mzay<y*-?-i l zi®%Lx^&. 

[0135] -e LXm2 , #3<Z»fc¥*?B2. B3(i018 
«YZ^H±« 1 o*>i6« ( ) ± 
£®mLX$mi?ri. ZLX. W.2, m30>%&m=F 
B2, B3i*lO^;-C coalite ^ ft £, 0*tt±tC#^ LTV 



[0136] i Wf^zJoVvC . SEf&CHRLTfflJ&O 
SS 1 0*^*FBlrtOSi|Mtt<?3— » (A1.2—A1.8) iiYZ 

1 SS«1 , 2 * r^S^WAl . lti^fflffffi ( YZ^E ) 
[0 1 3 7 3 HP*>, *»£m^fc^T<i. RltffiR1.2 
Rl,2CJ;oTZ lfc^[6ltffl[6lLTV>S. ^(Oi^^X- 

m&es &tih Yz^ffit rt^m mi , 2 & mmz 

m.M-fZ> Ztlz±K>. X- A3^*(C Alt -f l»3Km^^ 

[mem 5 ] ai»i*«HB(?)x-A3(6¥3R<osiit»j» 
mi m<DE.mx-j*i'>'X<Dmm%&mx'h?>. %<rm 



19.1 13.7 9.8 
14.5 10.4 7.4 
WlOm 1.60 1.80 2.10 

$^-fX TK^.Omm xStt3.0mni 

i Yi Zi(W) Di Ndi 

111 If* 



10. 2x 30. Ox 49.9 
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1 0.00 0.00 0.00 2.00 1 

2 0.00 2.00 0.00 2.00 1.74400 44.70 ®#fffi 
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